We have compared cardiovascular responses to induction of anaesthesia and to trachea/ intubation after propofol 2.5 mg kg~1 and pancuronium 0.1 mg kg~ ' in 10 diabetic and 10 matched, nondiabetic (control) 
Several studies have shown increased surgical morbidity and mortality in patients with diabetes mellitus [1] [2] [3] [4] , thought to be caused by the systemic dysfunction associated with this disease [2, 5] . Autonomic neuropathy, which can occur in both insulindependent and non-insulin-dependent diabetic patients [6] , may potentially modify the normal cardiovascular responses during anaesthesia and render the diabetic patient more susceptible to cardiovascular morbidity. Although autonomic neuropathy has been associated with cardiorespiratory arrest in the perioperative period [1] , its influence on cardiovascular responses during anaesthesia has not been studied. The present study was designed to compare diabetic with non-diabetic patients in their changes in mean arterial pressure (MAP), heart rate (HR), cardiac output (CO), stroke volume (SV) and vascular resistance (SVR) in response to induction of anaesthesia and tracheal intubation after propofol and pancuronium.
PATIENTS AND METHODS
After receiving local Ethics Committee approval, we obtained informed consent from 10 diabetic patients (presenting consecutively) and 10 ASA I patients (matched for sex, age, height and weight) undergoing vitreous surgery. Only patients without overt cardiovascular disease were studied. In an attempt to standardize laryngoscopy, any patient who was known or found to present difficulty in tracheal intubation was excluded. Eight patients were insulin-dependent and two were non-insulindependent diabetics. Eight of the 10 diabetic patients were undergoing vitreous surgery for diabetic eye disease.
Three standard cardiovascular autonomic function tests were performed on the day before surgery [7] :
30:15 R-R ratio-the patient's heart rate was monitored whilst they changed from a supine to an erect position, the 30th and 15th R-R intervals identified and the ratio of the two derived.
Maximum and minimum heart rate difference during three deep breaths cycle.
Decrease in systolic arterial pressure during postural change.
On arrival of the patient in the anaesthetic room, a 20-gauge cannula was inserted into a vein in the dorsum of the patient's right hand. As all the •Address for correspondence: Department of Anaesthesia, Manchester Royal Infirmary, Oxford Road, Manchester Ml3. diabetic patients were first on the operating list, it was standard practice to omit the insulin or oral hypoglycaemic drugs on that morning, and to ensure against hypoglycaemia or hyperglycaemia (blood sugar 9-15 mmol litre" 1 ). Arterial pressure was measured using an automated non-invasive method (Dinamap) timed to cycle at 1-min intervals.
After skin preparation, current sensing, current source and ECG sensing electrodes (Medicotest-VL-OO-S) were placed on the patient according to manufacturer's instructions and attached to a transthoracic bioimpedence continuous cardiac output monitor (BoMed NCCOM3, Software Version 7, BoMed Biomedical, Irvine, CA). This monitor was used to measure and derive continuously HR, SV and CO, updated at every 12th heart beat. A period of 5 min was allowed for the patient's recordings to stabilize. Preinduction measurements of MAP, HR, CO and SV were then recorded.
All patients were premedicated with temazepam 20 mg given 2 h before operation. Anaesthesia was induced with propofol 2.5 mg kg" 1 given over 30 s, followed immediately by pancuronium 0.1 mg kg"
Any pain on injection of propofol was recorded. The same anaesthetist intubated the trachea of each patient without difficulty 3 min after induction of anaesthesia. Anaesthesia was maintained with 0.8 % enflurane and 50 % nitrous oxide in oxygen, with a fresh gas flow of lOOmgkg" For analysis, post-induction measurements of HR, MAP, CO and SV were recorded at 1-min intervals for the 3 min between induction and tracheal intubation and then for 5 min after intubation. SVR was derived using following formula: SVR = MAP x 79.9 CO Each patient's body surface area was derived from their height and weight; cardiac index (CI) and stroke index (SI) were calculated. Statistical analysis was performed using paired and unpaired t tests with Bonferroni correction and analysis of variance (ANOVA). P values were two-tailed; P < 0.05 was considered significant.
RESULTS
There were no significant differences in age, height or weight between the diabetic and non-diabetic control groups (table I) . No patient complained of pain during induction of anaesthesia and none coughed during tracheal intubation. None of the patients required i.v. glucose before anaesthesia.
Autonomic function
All patients in the control group had normal autonomic function before operation. At least one autonomic function test was abnormal in each of the diabetic patients (table II) . The two heart rate tests were found to be abnormal in all 10 diabetic patients; arterial pressure was abnormal in one and borderline abnormal in two of them.
Cardiovascular variables
Heart rate. There was no significant difference between the two groups in mean preinduction HR ( fig. 1 ). In the control group (but not in the diabetic group) the HR increased after induction of anaesthesia (P < 0.01) and did not increase further after tracheal intubation ( fig. 1 ). In the diabetic group, HR increased significantly only in response to tracheal intubation (P < 0.01). Mean HR was greater in the control group compared with the diabetic group during the study (ANOVA, P < 0.01) ( fig. 1) .
Cardiac index. There was no significant difference between the two groups in mean preinduction CI ( fig. 1 ). In the diabetic group, CI decreased to less than preinduction 2 min after induction of anaesthesia (P < 0.01), but it did not change significantly after tracheal intubation. In the control group, CI was maintained after induction of anaesthesia and decreased gradually after tracheal intubation to reach a value significantly less than preinduction, 3 min after intubation (P < 0.05). Mean CI was greater in the control group compared with the diabetic group (ANOVA, P < 0.05) ( fig. 1) .
Stroke index. In the diabetic group, mean SI decreased 2 min after induction (P < 0.01) and 
FIG. 1. Changes in heart rate (HR), cardiac index (CI) and stroke index (SI) in diabetic (O) and non-diabetic (#) patients after induction of anaesthesia and tracheal intubation (mean, SD).
Significant difference from preinduction value within group: *P<0.05; **P<0.01.
decreased again 1 min after intubation (P<0.01) ( fig. 1 ). In the control group, mean SI did not decrease to significantly less than its mean value before induction until 1 min after intubation (P < 0.05).
Mean arterial pressure. Induction of anaesthesia was associated with a significant decrease in MAP in each group (P < 0.05) ( fig. 2) . After tracheal intubation there was a greater increase in the diabetic patients than in the control group. Thus in the diabetic group AlAP was significantly greater than before induction at 1 min after tracheal intubation (P < 0.05), while in the control group MAP after intubation was similar to that before induction ( fig. 2) .
Vascular resistance. SVR decreased in each group after induction of anaesthesia (P < 0.05 control; P < 0.01 diabetic). After tracheal intubation, there was a greater increase in SVR in the diabetic group compared with the controls (P < 0.05), that in the diabetic group alone being significantly greater than preinduction (P < 0.05) ( fig. 2) . DISCUSSION Sullivan and colleagues [8] found that, during anaesthesia, cardiac output derived by the transthoracic bioimpedence monitor correlated well with that derived using the thermodilution technique and others have shown good correlation in other situations [9, 10] . The cardiovascular variables before induction were found to be similar in the diabetic and control patients, but their responses to induction of anaesthesia and tracheal intubation differed significantly. Both the parasympathetic and the sympathetic systems play a part in the reflexes associated with the three autonomic function tests performed in this study. However, abnormalities in the two heart rate tests are predominantly associated with parasympathetic dysfunction and abnormalities in the arterial pressure test are caused predominantly by sympathetic dysfunction [11, 12] . In this study, the sympathetic function test was not normal in three and the parasympathetic function tests were abnormal in all 10 diabetic patients studied, and this may be the cause of the altered haemodynamic responses in the diabetic group. In a British community survey, Neil and colleagues [13] found a single abnormal cardiovascular response in 16% of diabetic patients. Ziegler and colleagues [6] found that autonomic dysfunction occurred within 2 years of onset of diabetes. Our findings suggest that all diabetic patients presenting for vitreous surgery may have autonomic dysfunction.
In the control group, the administration of pancuronium was associated with the expected tachycardia. However, this response was absent in the diabetic group. Lee Son and Waud [14] and, Salt, Barnes and Con way [15] have shown that pancuronium may cause tachycardia by blocking postjunctional muscarinic receptors on the sinoatrial node and prejunctional muscarinic receptors on cardiac sympathetic nerves (both innervated normally by the vagus nerve). We found that the parasympathetic function tests were abnormal in the diabetic group and this abnormality may be the basis of the altered response to pancuronium in these patients. This suggests that, in diabetic subjects, the heart rate response to atropine and neostigmine given normally during antagonism of neuromuscular block may be abnormal.
CI did not decrease in the control group after induction of anaesthesia, because of the pancuronium-induced tachycardia. However, in the diabetic group, the increase in HR did not occur and CI decreased. CI was therefore smaller in the diabetic group compared with controls. The decrease in SI may be attributed to the cardiac effects of propofol [16] . Coleman and colleagues [17] have shown that an increase in cardiac output after administration of pancuronium is caused by the increase in HR and not any effect on stroke volume. Our findings support this. The changes in MAP were a reflection of those occurring in SVR. We have found this in a previous study [16] . There was a greater increase in MAP, HR, and SVR after tracheal intubation in the diabetic patients compared with the controls. During laryngoscopy and tracheal intubation, sensations from the pharynx and trachea are transmitted centrally via the vagus nerve and cause reflex stimulation of the sympathetic and sympatho-adrenal systems. This results in release of both adrenaline and noradrenaline [18, 19] . Cummings, Russell and Frewin [20] showed that, although pancuronium inhibits noradrenaline reuptake, it does not affect the pressor response to tracheal intubation. In the presence of autonomic dysfunction, one might have expected an obtunded pressor response to tracheal intubation. The diabetic patients were mainly in the normal to borderline section when tested for sympathetic dysfunction. It is possible that an imbalance between the two limbs of the autonomic system contributed to the pressor response in the diabetics in our study. This may have been caused partly by pancuronium, but possibly also by denervation hypersensitivity of the sympathetic receptors. The cardiovascular responses to sympathomimetic drugs in these patients may be abnormal; this needs investigation.
